Immunometabolic Reprogramming: A
Comprehensive Analysis of
Phytochemical Interventions for
Reversing Viral-Induced Immune
Dysregulation and Epigenetic Scarring

1. Introduction: The Paradigm of Viral
Immunometabolic Hijacking

The interaction between pathogenic viruses, particularly severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), and the host immune system is increasingly understood not
merely as a battle of antigen recognition and antibody production, but as a profound struggle
for metabolic control. Contemporary research has established that viruses function as
obligate intracellular metabolic engineers, actively reprogramming host cellular metabolism to
create an environment conducive to viral replication. This metabolic hijacking often persists
long after the acute infection has cleared, leading to states of chronic immune dysfunction,
T-cell exhaustion, and the constellation of debilitating sequelae known as "Long COVID"." This
report provides an exhaustive, expert-level analysis of specific phytochemicals and herbal
interventions capable of countering or reversing these specific metabolic and epigenetic
reprogramming events.

Viral pathogens force host cells—particularly immune cells like monocytes, macrophages, and
T lymphocytes—to abandon efficient oxidative phosphorylation (OXPHOS) in favor of aerobic
glycolysis, a shift classically known in oncology as the "Warburg effect".! This metabolic shift
provides the rapid energy (ATP) and biosynthetic carbon intermediates required for viral
genome replication and capsid formation, but it simultaneously drives a hyper-inflammatory
state characterized by the "cytokine storm." Furthermore, viruses induce the systematic
depletion of critical amino acids such as arginine and tryptophan, leading to T-cell starvation,
metabolic arrest, and functional exhaustion.” They hijack lipid metabolism to form viral
envelopes and specialized replication organelles derived from the host's lipid rafts.” Perhaps
most critically, severe infections leave "epigenetic scars" on the chromatin of immune cells,
locking them into a state of exhaustion, senescence, or tolerance that prevents the return to
immunological homeostasis.”

The following analysis details the capacity of specific herbs and bioactive
compounds—including Curcuma longa (Curcumin), Scutellaria baicalensis (Baicalin),
Andrographis paniculata (Andrographolide), Panax ginseng, Echinacea purpurea, Zingiber



officinale (Ginger), Glycyrrhiza glabra (Licorice), Momordica charantia (Bitter Melon), Berberis
species (Berberine), Polygonum cuspidatum (Resveratrol), and Rhodiola rosea—to target
these precise metabolic checkpoints. By modulating critical signaling axes such as
mTOR/HIF-1$\alpha$, enhancing mitochondrial biogenesis via SIRT1/PGC-1$\alpha$,
regulating epigenetic enzymes like DNA methyltransferases (DNMTs) and histone
deacetylases (HDACs), and clearing uremic toxins like indoxyl sulfate, these agents offer a
mechanism-based approach to reversing immune reprogramming.

2. Reversing Glycolytic Reprogramming: Countering
the Viral Warburg Effect

The "Warburg effect,” characterized by a shift from mitochondrial respiration to aerobic
glycolysis even in the presence of sufficient oxygen, is a hallmark of activated
pro-inflammatory immune cells (M1 macrophages, effector T cells) and virus-infected
epithelial cells. Viruses, including SARS-CoV-2, Influenza, and Epstein-Barr Virus (EBV), exploit
this shift to generate the ATP and carbon substrates necessary for rapid replication." This
metabolic state is sustained by the upregulation of Hypoxia-Inducible Factor 1-alpha
(HIF-1$\alpha$) and the mammalian target of rapamycin (mTOR) pathway, effectively locking
the cell in a sugar-burning, inflammatory mode. Reversing this glycolytic lock is essential for
dampening cytokine storms, starving the virus, and restoring metabolic flexibility to the host.

2.1 Curcumin: The mTOR/HIF-1$\alpha$ Axis Inhibitor

Curcumin, a hydrophobic polyphenol derived from the rhizome of Curcuma longa (Turmeric),
has emerged as a potent inhibitor of the glycolytic flux utilized by viruses and cancer cells.
The mechanism of action is multifaceted but centers on the downregulation of the
mTOR/HIF-1$\alpha$ signaling axis, which serves as the "master switch" for this metabolic
reprogramming.

Mechanistic Insight:

Research indicates that curcumin directly inhibits the glycolytic flux by downregulating the
expression of key glycolytic enzymes, including Hexokinase 2 (HK2) and Pyruvate Kinase M2
(PKM2).3 PKM2 is a critical rate-limiting enzyme in glycolysis; its upregulation supports the
"Warburg effect" by creating a bottleneck that diverts glycolytic intermediates toward
biosynthetic pathways rather than oxidative phosphorylation. Curcumin suppresses PKM2
expression via the inhibition of the mTOR/HIF-1$\alpha$ axis.3 By blocking mTOR
phosphorylation, curcumin prevents the downstream translation and stabilization of
HIF-1$\alpha$, which acts as a master transcriptional regulator of glycolytic genes (including
GLUT1, LDHA, and HK2).

Furthermore, curcumin has been shown to reduce glucose uptake and lactate production in
cellular models, effectively starving the viral replication machinery that depends on this glut of



energy and carbon.'® In the context of viral infection, where HIF-1$\alpha$ stabilizes to
promote inflammation (specifically IL-1$\beta$ production via the NLRP3 inflammasome),
curcumin’s ability to destabilize HIF-1$\alpha$ serves a dual purpose: it restricts viral energy
supply and dampens the hyper-inflammatory response associated with the glycolytic M1
macrophage phenotype." This restoration of metabolic balance is crucial for allowing immune
cells to transition from a pro-inflammatory state to a resolution phase.

Therapeutic Implication:

Curcumin acts as a metabolic "brake," forcing cells to exit the hyper-glycolytic state. This is
particularly relevant for reversing the metabolic reprogramming seen in "Long COVID," where
persistent inflammation is fueled by sustained glycolysis in myeloid cells. By inhibiting the
mTOR/HIF-1$\alpha$ axis, curcumin re-enables mitochondrial respiration, reducing the
production of lactate and inflammatory cytokines.

2.2 Baicalin: Modulation of Glycolytic Enzymes and NETosis

Baicalin, a flavone glycoside isolated from the roots of Scutellaria baicalensis (Chinese
Skullcap), exhibits a distinct capability to target viral-induced metabolic shifts, particularly
within the pulmonary tissue. It is a key pharmacologically active component of the Lianhua
Qingwen formula, which has been extensively used in the clinical treatment of COVID-19.

Mechanistic Insight:

Baicalin exerts its effects by inhibiting the HIF-1$\alpha$ signaling pathway, similar to
curcumin, but with specific efficacy in lung tissue and alveolar macrophages. In models of
acute lung injury (ALI) and viral infection, baicalin significantly inhibits the protein levels of
HIF-1$\alpha$, thereby suppressing glycolysis-dependent inflammatory responses.14
Specifically, baicalin downregulates the expression of glycolysis-related catalytic enzymes
and prevents the metabolic burst associated with cytokine storms.14

Crucially, recent research highlights baicalin's ability to inhibit the formation of Neutrophil
Extracellular Traps (NETs) by modulating glycolysis in neutrophils.” NETosis is a cell death
program that releases DNA webs to trap pathogens; however, in respiratory viral infections
like COVID-19, excessive NETosis is driven by a glycolytic burst and contributes to severe
tissue damage, thrombosis, and fibrosis. By suppressing the glycolytic fuel for NETosis,
baicalin reduces this immunopathological damage. Additionally, baicalin has been shown to
inhibit viral replication by targeting the influenza virus M1 protein and downregulating viral
nucleoprotein (NP) expression, actions that are likely reinforced by the deprivation of host
metabolic resources.’

Therapeutic Implication:

Baicalin serves as a targeted intervention for respiratory inflammation driven by metabolic
dysregulation. Its ability to dampen HIF-1$\alpha$ and suppress glycolysis-dependent
NETosis makes it a critical agent for preventing the progression of viral infections into severe
inflammatory states such as Acute Respiratory Distress Syndrome (ARDS) and pulmonary
fibrosis.



2.3 Andrographolide: The Glucose Uptake Inhibitor

Andrographolide, a diterpenoid lactone derived from Andrographis paniculata, functions as a
potent metabolic modulator by directly influencing glucose transport and utilization,
effectively enforcing a metabolic blockade against viral replication.

Mechanistic Insight:

Andrographolide reduces blood glucose levels and prevents viruses from hijacking host
glucose for replication.1 Mechanistically, it suppresses aerobic glycolysis by inhibiting the
expression of Pyruvate Dehydrogenase Kinase 1 (PDK1).18 Under normal conditions, Pyruvate
Dehydrogenase Complex (PDC) converts pyruvate into acetyl-CoA for entry into the
mitochondrial TCA cycle. However, in the Warburg effect, PDK1 phosphorylates and
inactivates PDC, forcing pyruvate to be converted into lactate. By inhibiting PDK,
andrographolide restores the activity of PDC, re-routing pyruvate into the mitochondria for
oxidative phosphorylation and effectively reversing the Warburg effect.18

Additionally, andrographolide has been shown to inhibit the PI3K/Akt/mTOR pathway, a central
regulator of glucose metabolism often activated by viruses to enhance nutrient uptake.?® By
blocking this pathway, andrographolide limits the expression of Glucose Transporter 1
(GLUT1), thereby reducing the intracellular glucose pool available for viral replication and
glycolysis-driven inflammation. This dual action—restoring mitochondrial flux via PDK1
inhibition and reducing glucose uptake via Akt inhibition—constitutes a robust metabolic
counter-measure.

Therapeutic Implication:

Andrographolide acts as a metabolic "gatekeeper," restricting the fuel supply for both viral
replication and inflammatory immune expansion. Its ability to enforce mitochondrial
respiration over glycolysis makes it a valuable tool for restoring metabolic homeostasis in
post-viral fatigue syndromes where glycolysis often remains aberrantly elevated despite the
clearance of the pathogen.

2.4 Shikonin and Emodin: Targeting PKM2 and Viral Attachment

Shikonin:

Derived from Lithospermum erythrorhizon (Gromwell root), Shikonin is a specific
small-molecule inhibitor of Pyruvate Kinase M2 (PKM2).22 PKM2 is the embryonic isoform of
pyruvate kinase and is crucial for the Warburg effect; its upregulation allows for the
accumulation of glycolytic intermediates for biosynthesis. Inhibition of PKM2 by Shikonin
significantly reduces lactate production, glucose uptake, and ATP generation in glycolytic
cells.22 This action starves the virus of energy and biosynthetic precursors and has been
shown to inhibit the replication of Enterovirus 71 (EV71) by suppressing the NF-$\kappa$B
signaling pathway.24

Emodin:

Found in Rheum officinale (Rhubarb) and Polygonum multiflorum, Emodin targets the
interaction between the SARS-CoV-2 Spike protein and the host ACE2 receptor, blocking viral
entry.25 Beyond viral entry, Emodin disrupts the Warburg effect by inhibiting the PI3K/Akt and



MAPK/ERK signaling pathways, which are essential for sustaining aerobic glycolysis during
viral infection.27 The suppression of these pathways not only halts the metabolic
reprogramming required for viral replication but also reduces the secretion of
pro-inflammatory cytokines like IL-1$\beta$ and TNF-$\alpha$.29

2.5 Berberine: The Metabolic Master Switch

Berberine, an isoquinoline alkaloid found in Coptis chinensis and Berberis species, acts as a
profound metabolic regulator, primarily through the activation of Adenosine
Monophosphate-activated Protein Kinase (AMPK).

Mechanistic Insight:

AMPK is the cellular "energy sensor” that, when activated, shuts down anabolic processes
(like lipid and protein synthesis required for viral replication) and stimulates catabolic
processes (like fatty acid oxidation and mitochondrial respiration). Berberine activates AMPK,
which subsequently inhibits mTOR signaling.30 This effectively reverses the Warburg effect by
downregulating the Akt/mTOR/GLUT1 signaling pathway, reducing glucose uptake and lactate
production.31

Furthermore, berberine has been shown to increase the expression of Ten-Eleven
Translocation 3 (TET3), a DNA demethylase. TET3 promotes the expression of miR-145, which
in turn suppresses Hexokinase 2 (HK2), a key glycolytic enzyme.* This epigenetic-metabolic
axis demonstrates that berberine operates at multiple levels to dismantle the glycolytic

program favored by viruses.

Table 1: Phytochemical Reversal of Glycolytic Reprogramming

Compound Source Herb Primary Metabolic | Mechanism of
Target Action in
Reprogramming
Reversal
Curcumin Curcuma longa mTOR/HIF-1$\alpha | Downregulates
$ Axis HK2/PKM2; blocks
glycolytic flux and
destabilizes
HIF-1$\alpha$. *
Baicalin Scutellaria HIF-1$\alpha$ / Inhibits
baicalensis Glycolysis glycolysis-depende
nt inflammation and
NETosis in lung
tissue. ™




Andrographolide

Andrographis
paniculata

PDK1 / PI3K/Akt

Inhibits PDK1 to
restore
mitochondrial
respiration
(OXPHQOS); reduces
GLUT1. ™

Shikonin Lithospermum Pyruvate Kinase M2 | Direct inhibition of
erythrorhizon (PKM2) PKM2; reduces
lactate production
and biosynthetic
flux. %2
Emodin Rheum officinale PI3K/Akt / Blocks viral entry
Spike-ACE2 and downstream
glycolytic signaling
pathways. %
Berberine Berberis spp. / AMPK / TET3 Activates AMPK to
Coptis inhibit mTOR;

epigenetically
suppresses HK2 via
TET3/miR-145. ¥

3. Restoring Amino Acid Metabolism: Countering
T-Cell Starvation

Viral infections induce a state of "amino acid starvation" within the microenvironment,
specifically depleting L-Arginine and L-Tryptophan. This depletion is a primary driver of T-cell
exhaustion, immune tolerance, and the failure to clear chronic infections.

3.1 Ginseng: Modulating Arginine Metabolism and Reversing T-Cell

Exhaustion

L-Arginine is critical for T-cell proliferation and the functional expression of the T-cell receptor
(TCR) $\zeta$-chain (CD3$\zeta$). In chronic infections and cancer, Myeloid-Derived
Suppressor Cells (MDSCs) and M2 macrophages express high levels of Arginase 1 (ARG1), an
enzyme that hydrolyzes arginine into ornithine and urea, thereby depleting the

microenvironment of this essential nutrient.’

Mechanistic Insight:




Ginseng (Panax ginseng) and its bioactive components (ginsenosides) have been shown to
reprogram macrophages and MDSCs to reduce ARG1 production.4 Ginseng-derived
nanoparticles (GDNPs) can shift the polarization of tumor-associated macrophages (TAMs)
from an immunosuppressive M2-like (arginase-producing) phenotype to an
immunostimulatory M1-like phenotype. By inhibiting ARG1 expression, ginseng restores local
levels of L-Arginine.

This restoration of arginine availability has profound downstream effects on T cells. It
reactivates the mTOR-T-bet signaling axis within T cells, which is essential for effector
function, proliferation, and the prevention of exhaustion.” T-bet is a master transcription
factor for Th1 immunity and cytotoxic CD8+ T cell function. Therefore, ginseng acts as a
metabolic "rescuer," preventing the down-regulation of the CD3$\zeta$ chain and ensuring
that T cells remain functional and responsive to viral antigens.

3.2 Echinacea: The Arginase Paradox and Immunometabolic
Resolution

Echinacea purpurea presents a complex interaction with arginine metabolism that is often
misunderstood. While it is widely recognized as an immune stimulant, its effects on arginine
metabolism are nuanced and context-dependent, serving to resolve inflammation rather than
merely fuel it.

Mechanistic Insight:

Evidence suggests that Echinacea extracts can increase arginase activity in macrophages,
promoting an anti-inflammatory M2 phenotype.37 On the surface, this appears contradictory
to the goal of preserving arginine for T cells (as discussed with Ginseng). However, this action
is part of Echinacea's ability to facilitate the resolution of inflammation and prevent tissue
damage caused by excessive nitric oxide (NO) production.

In the acute phase of infection, Inducible Nitric Oxide Synthase (iNOS) consumes arginine to
produce NO, a potent antimicrobial but also a tissue-damaging free radical. By shifting the
enzymatic balance from iNOS (pro-inflammatory) to Arginase (anti-inflammatory, producing
ornithine for collagen synthesis and tissue repair), Echinacea prevents the immunopathology
of "cytokine storms".*” This is a form of immune reprogramming that transitions the host from
a destructive inflammatory phase to a repair phase. Simultaneously, Echinacea modulates
non-specific immune responses and restores T-cell function through other pathways,
potentially by enhancing the proliferation of T cells even in arginine-depleted environments via
activation of cannabinoid receptor 2 (CB2), which it binds to with high affinity.*’

Therapeutic Implication:

Echinacea functions as an immunometabolic regulator. It is particularly valuable in the later
stages of viral infection or in "Long COVID," where persistent iNOS activity contributes to
nitrosative stress and tissue injury. Its ability to promote arginase activity supports tissue
healing and fibrosis resolution.



3.3 Ginger: The Tryptophan-Kynurenine Axis and Neuroprotection

The enzyme Indoleamine 2,3-dioxygenase (IDO) degrades L-Tryptophan into Kynurenine.
Viruses induce IDO expression primarily via Interferon-gamma (IFN-$\gamma$) signaling. The
depletion of tryptophan starves T cells (inducing cell cycle arrest), while the accumulation of
kynurenine metabolites (such as quinolinic acid) is neurotoxic and promotes the differentiation
of immunosuppressive regulatory T cells (Tregs).’

Mechanistic Insight:

Ginger (Zingiber officinale), specifically its active pungent component 6-gingerol, regulates
the balance of Th17/Treg cells and dampens the inflammatory drive that upregulates IDO.1 By
inhibiting the production of IFN-$\gamma$ and other pro-inflammatory cytokines that trigger
IDO expression, ginger indirectly preserves systemic tryptophan levels.43

Furthermore, 6-gingerol has been shown to inhibit the NLRP3 inflammasome, a key driver of
neuroinflammation that is often exacerbated by kynurenine pathway metabolites.** By
reducing inflammasome activation, ginger interrupts the feed-forward loop where
inflammation begets metabolic dysregulation. Recent studies also indicate that ginger
components can modulate the activity of Tryptophan 2,3-dioxygenase (TDO), another enzyme
responsible for tryptophan degradation, further conserving this amino acid for anabolic
processes.*

Therapeutic Implication:

Ginger acts to close the "metabolic drain" on tryptophan. By reducing IDO induction, it
prevents the accumulation of toxic metabolites that drive both immune exhaustion and the
neurological symptoms ("brain fog," cognitive dysfunction) frequently observed in post-viral
syndromes.

4. Modulating Lipid Metabolism: Membrane Stability
and Energy Shifts

Viruses are obligate parasites of host lipid metabolism. They require fatty acids and
cholesterol to build viral envelopes, modify host membranes for entry, and create "replication
factories" (double-membrane vesicles) within the cell. Disrupting this lipid dependence is a
powerful strategy for halting viral progression.

4.1 Licorice (Glycyrrhizin): Lipid Raft Disruption

Mechanistic Insight:

Glycyrrhizin, the active triterpene saponin in Licorice (Glycyrrhiza glabra), targets the
lipid-dependent entry mechanisms of enveloped viruses. It reduces the fluidity of the plasma
membrane and the viral envelope, thereby inhibiting the fusion of the virus with the host cell.1
Specifically, Glycyrrhizin has a high affinity for cholesterol and extracts it from lipid



rafts—specialized, detergent-resistant membrane domains rich in cholesterol and
sphingolipids that serve as entry portals for viruses like SARS-CoV-2." The ACE2 receptor is
localized within these lipid rafts. By disrupting the structural integrity of these rafts,
Glycyrrhizin prevents the clustering of receptors and the subsequent viral entry. It stabilizes
the membrane, making it resistant to the formation of the viral fusion pore required for the
injection of viral genetic material.*®

4.2 Bitter Melon (Momordica charantia): Lipophagy and AMPK
Activation

Mechanistic Insight:

Bitter Melon contains bioactive compounds, including momordicosides and charantin, that act
as potent metabolic modulators. It activates AMP-activated protein kinase (AMPK), a central
sensor of cellular energy.30 AMPK activation inhibits fatty acid synthesis (lipogenesis) by
phosphorylating and inactivating Acetyl-CoA Carboxylase (ACC), while simultaneously
promoting fatty acid oxidation (lipolysis).

Crucially, Bitter Melon induces lipophagy, a specialized form of autophagy that degrades lipid
droplets.® Since viruses often utilize lipid droplets as platforms for assembly and replication,
induction of lipophagy effectively destroys the viral scaffold. By reducing the intracellular pool
of fatty acids and cholesterol, Bitter Melon deprives the virus of the lipid "building blocks"
required for envelope formation. Furthermore, Bitter Melon extracts have been shown to
downregulate the expression of flotillins, marker proteins for lipid rafts, further hindering viral
entry and assembly.>®

Therapeutic Implication:

The combination of Licorice and Bitter Melon offers a dual-strike approach: Licorice
structurally disrupts the sites of viral entry (lipid rafts) at the membrane level, while Bitter
Melon metabolically depletes the intracellular lipid resources necessary for viral replication
and assembly.

4.3 Chitosan: Immunometabolic Reprogramming of Macrophages

Chitosan, a natural polysaccharide derived from chitin, has emerged as a regulator of
macrophage immunometabolism.

Mechanistic Insight:

Chitosan and its oligosaccharides (COS) modulate the metabolic state of macrophages,
promoting a shift that favors antiviral activity. Research indicates that low molecular weight
chitosan stimulates macrophages to increase nitric oxide (NO) secretion and
pro-inflammatory cytokine production, potentially via the GIcNAc unit, driving them toward an
M1 phenotype beneficial for acute pathogen clearance.51 However, chitosan also exhibits the
ability to attenuate neuroinflammation by regulating microglial immunometabolic
reprogramming via the mTOR signaling pathway, suggesting a context-dependent
modulation.52 In the context of viral infection, sulfated chitosan derivatives have been



synthesized to specifically inhibit viral replication by mimicking heparan sulfate, a co-receptor
for many viruses, thus acting as a decoy.53

5. Mitigating T-Cell Exhaustion and Restoring
Mitochondrial Health

Chronic viral stimulation leads to T-cell exhaustion, a terminal state of differentiation
characterized by the loss of effector function, high expression of inhibitory receptors (e.g.,
PD-1, TIM-3), and profound mitochondrial dysfunction (loss of membrane potential, inability to
perform OXPHOS, and reliance on inefficient glycolysis).>* Reversing this state requires
interventions that specifically target mitochondrial health.

5.1 Resveratrol: Mitochondrial Biogenesis and SIRT1 Activation

Mechanistic Insight:

Resveratrol is a potent allosteric activator of SIRT1 (Sirtuin 1), an NAD+-dependent
deacetylase that regulates mitochondrial biogenesis via the deacetylation and activation of
PGC-1$\alpha$ (Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1-alpha).56
In exhausted T cells, PGC-1$\alpha$ expression is often repressed, leading to a collapse in
mitochondrial mass and respiratory capacity. Resveratrol treatment restores PGC-1$\alpha$
activity, thereby enhancing mitochondrial biogenesis and respiratory efficiency.58

This metabolic rescue reverses the "exhausted" phenotype. Resveratrol-treated T cells show
reduced expression of the exhaustion marker PD-1 and enhanced effector functions, including
cytokine production and proliferation.” It facilitates the transition from a short-lived, highly
glycolytic effector state to a long-lived, OXPHOS-dependent central memory T-cell (Tcm)
state. Furthermore, resveratrol helps maintain mitochondrial membrane potential and reduces
reactive oxygen species (ROS) accumulation, preventing the apoptosis of T cells in the
rigorous environment of a chronic infection.®’

5.2 Rhodiola rosea & Schisandra chinensis: Adaptogens for ATP
Recovery

Rhodiola rosea:

Known as an adaptogen, Rhodiola directly targets mitochondrial efficiency. Its active
component, Salidroside, activates the AMPK/SIRT1/PGC-1$\alpha$ axis, promoting
mitochondrial biogenesis and protecting against oxidative stress.62 Rhodiola enhances the
synthesis of ATP in mitochondria and stimulates energy recovery in fatigued muscles and
immune cells.64 Clinical trials have demonstrated its efficacy in treating fatigue and
exhaustion in post-viral conditions, likely by restoring the cellular energy charge.64
Schisandra chinensis:

Schisandra lignans (e.g., Schisandrin B) act as "mitochondrial nutrients." They protect
mitochondrial structure from oxidative damage and improve ATP production. Schisandra has



been shown to modulate metabolic reprogramming by inhibiting the Warburg-like metabolism
in cancer cells (downregulating GLUT1 and lactate generation), a mechanism applicable to
virus-infected cells.65 Additionally, it supports immune function by modulating the redox
status of innate immune cells.67

5.3 Astragalus Polysaccharides (APS): Reversing PD-1 Dependent
Exhaustion

Mechanistic Insight:

Astragalus membranaceus polysaccharides (APS) possess a remarkable ability to inhibit the
expression of PD-10on T cells and PD-L1 on tumor or host cells.68 The PD-1/PD-L1 pathway is
the primary signaling mechanism that induces T-cell exhaustion. By blocking this interaction,
APS "releases the brake" on T cells, allowing them to regain cytotoxic function.

Furthermore, APS enhances mitochondrial function by regulating the delicate balance of
mitochondrial fusion and fission and inhibiting the opening of the mitochondrial permeability
transition pore (mPTP).” This preservation of mitochondrial integrity prevents the leakage of
cytochrome ¢ and subsequent apoptosis, ensuring the longevity of T cells. APS also promotes
the generation of CD122+CXCR3+PD-1- memory T cells, which are crucial for long-term
immunity.”

5.4 Epigallocatechin Gallate (EGCG): Structural Interference and
Metabolic Modulation

EGCG, the primary catechin in green tea (Camellia sinensis), acts as a broad-spectrum
antiviral and immunometabolic modulator.

Mechanistic Insight:

EGCG interferes with the viral life cycle at multiple stages. It binds to the viral envelope and
host receptors (like CD4 and ACE2), blocking attachment and entry.72 Metabolically, EGCG
inhibits Fatty Acid Synthase (FASN) and glutamate dehydrogenase, disrupting the lipid and
amino acid metabolism required for viral replication. EGCG has also been shown to reverse
T-cell exhaustion by reducing the expression of inhibitory receptors (TIM-3) and restoring
T-cell proliferation.60 It acts synergistically with other agents to reduce viral load and
inflammation.74

Table 2: Reversing T-Cell Exhaustion and Mitochondrial Dysfunction

Agent Target Mechanism Outcome

Resveratrol SIRT1/ PGC-1$\alpha$ Enhances mitochondrial
biogenesis; reduces PD-1;
promotes memory T-cell
formation. *°




Rhodiola rosea ATP Synthase / AMPK Increases ATP production;
reduces physical/immune
fatigue; activates
PGC-1$\alpha$. ¢

Astragalus (APS) PD-1/mPTP Blocks PD-1 signaling;
preserves mitochondrial
integrity and fusion/fission
balance. ¢

Schisandra Redox / Glycolysis Inhibits Warburg-like
metabolism; protects
mitochondrial structure;
enhances ATP. ¢°

EGCG FASN / Viral Entry Blocks viral entry; inhibits
fatty acid synthesis;
reduces T-cell inhibitory
receptors. ¢°

Ketone Bodies (BHB) Mitochondrial Fuel Provides alternative fuel
source (Acetyl-CoA) for T
cells, bypassing blocked
glycolysis.

6. Epigenetic Remodeling and Trained Immunity

Severe viral infections induce “epigenetic scarring"—stable chemical modifications to DNA
(methylation) and histones (acetylation/methylation) that lock immune cells into a
dysfunctional state of tolerance or exhaustion. Reversing this scarring is the frontier of
treating Long COVID and post-viral syndromes.

6.1 Curcumin: The Epigenetic Modulator

Mechanistic Insight:

Curcumin acts as a potent "epi-drug" or epigenetic modulator. It functions as an inhibitor of
DNA Methyltransferases (DNMTs), specifically DNMT1, preventing the hypermethylation of
tumor suppressor and immune-regulatory genes.77 Viral infections often cause
hypermethylation of key immune genes (e.g., those involved in interferon signaling), effectively
silencing them. Curcumin can reverse this hypermethylation, reactivating the suppressed
immune response.

Additionally, curcumin modulates Histone Deacetylases (HDACs) and Histone




Acetyltransferases (HATs), restoring the acetylation balance required for active gene
transcription.”” It also regulates the expression of microRNAs (miRNAs) involved in immune
regulation, effectively "resetting" the transcriptional landscape of exhausted cells.”

6.2 Beta-Glucan: Induction of Trained Immunity

Mechanistic Insight:

Beta-glucans, polysaccharides found in the cell walls of fungi (like Ganoderma or
Saccharomyces), induce a phenomenon known as “Trained Immunity" or innate immune
memory. Upon binding to the Dectin-1 receptor on monocytes and macrophages,
beta-glucans trigger a signaling cascade (Akt/mTOR/HIF-1$\alpha$) that results in specific
epigenetic reprogramming.79

This reprogramming involves the deposition of activating histone marks (specifically
H3K4me3) at the promoters of genes involved in host defense (e.g., cytokines, metabolic
enzymes). This epigenetic "priming" allows the innate immune system to respond more
robustly and rapidly to secondary infections, effectively reversing the state of "innate immune
amnesia" or paralysis often seen after severe sepsis or severe COVID-19.%°

6.3 Berberine and Sulforaphane: Epigenetic and Nrf2 Regulation

Berberine:

Berberine modulates the histone code, specifically decreasing the expression of repressive
marks like H3K27me3 and H3K9me3, while increasing TET3-mediated DNA demethylation.33
This activity helps to erase the restrictive epigenetic marks that maintain the Warburg effect
and stem cell-like properties in pathological cells.

Sulforaphane:

Derived from cruciferous vegetables, Sulforaphane is a potent activator of Nrf2 (Nuclear
factor erythroid 2-related factor 2). Nrf2 is a master transcription factor that regulates
antioxidant proteins. However, recent evidence shows Nrf2 also acts as a repressor of the
STING (Stimulator of Interferon Genes) pathway, which drives type | interferon responses.84
By activating Nrf2, Sulforaphane dampens excessive STING-mediated inflammation while
restoring redox homeostasis. It induces epigenetic changes (via HDAC inhibition) that restore
the expression of antioxidant enzymes, countering the oxidative stress that perpetuates
epigenetic scarring.85

7. Addressing Organ-Specific Metabolic Scarring:
Kidney and Liver

Post-acute sequelae often involve fibrosis and metabolic dysfunction in the kidneys and liver,
driven by the accumulation of uremic toxins and unresolved inflammation.

7.1 Salvia miltiorrhiza and Rheum officinale: Clearance of Uremic



Toxins

Mechanistic Insight:

Indoxyl sulfate (IS) is a protein-bound uremic toxin derived from tryptophan metabolism by
gut bacteria. In kidney disease (and potentially post-viral kidney injury), IS accumulates and
induces oxidative stress, fibrosis, and endothelial dysfunction.86

e Salvia miltiorrhiza (Danshen): Contains salvianolic acids that have been shown to
enhance the clearance of indoxyl sulfate and inhibit its production.?’ It exerts a protective
effect on the kidney by suppressing oxidative stress and fibrosis pathways
(TGF-$\beta$/Smad) activated by IS.

e Rheum officinale (Rhubarb): A key component of the Uremic Clearance Granule (UCG),
Rhubarb modulates the gut microbiota to reduce the generation of indoxyl sulfate and
p-cresyl sulfate.®’ It also promotes the excretion of these toxins. Emodin, a component of
Rhubarb, inhibits the NF-$\kappa$B and TGF-$\beta$1 pathways in renal mesangial cells,
attenuating fibrosis.”®

7.2 SPIKENET (SPK): Reversing Transcriptomic Scarring

Mechanistic Insight:

SPIKENET (SPK) is a synthetic 15-amino-acid peptide designed to block the interaction of the
SARS-CoV-2 Spike protein with ACE2. Beyond viral blocking, SPK has been shown to reverse
the transcriptomic changes associated with "Long COVID" in the kidney.75 In murine models,
SPK treatment normalized the expression of genes involved in inflammation, fibrosis, and
metabolic regulation (including Ngal, Tgf-b1, and Hif1-a), effectively "resetting" the gene
expression profile of the kidney to a healthy state.92

7.3 Alpha-Ketoglutarate (AKG): The Metabolic Rescuer

Mechanistic Insight:

Alpha-ketoglutarate (AKG) is a key intermediate in the TCA cycle. It acts as a cofactor for TET
enzymes (DNA demethylases) and Jumoniji C-domain-containing histone demethylases
(JHDMs), linking metabolism directly to epigenetics. Viral infections can deplete AKG, leading
to epigenetic hypermethylation and metabolic blockages.

Supplementation with AKG (or herbs that boost it, such as Rhodiola which enhances TCA flux)
can stabilize HIF-1$\alpha$ (promoting its degradation) and facilitate the epigenetic erasure
of repressive marks.” AKG promotes the differentiation of stem cells and enhances the
integrity of the gut barrier, reducing the translocation of endotoxins that drive systemic
inflammation.’® Astragalus has also been noted to influence AKG levels by modulating
enzymes like glutamate dehydrogenase.’

8. Integrative TCM Protocols: Synergistic Metabolic
Reprogramming



Traditional Chinese Medicine (TCM) formulas are engineered to hit multiple metabolic targets
simultaneously, preventing the virus from adapting to a single blockade and addressing the
systemic nature of the dysregulation.

8.1 Lianhua Qingwen: The Multi-Target Inhibitor

Composition: Lonicera japonica (Honeysuckle), Forsythia suspensa, Ephedra sinica, Prunus
armeniaca (Bitter Apricot), Rhodiola rosea, Glycyrrhiza uralensis, Rheum palmatum, etc.

Mechanistic Synergy:
Lianhua Qingwen (LHQW) exerts a comprehensive effect on immunometabolism:
1. Glycolysis Blockade: Components like Baicalin and Rutin regulate the PI3K/Akt/mTOR
pathway, blocking the signal for glycolytic reprogramming.’
2. Inflammation Dampening: It inhibits NF-$\kappa$B and TLR4 signaling, dampening the
cytokine storm (IL-6, TNF-$\alpha$, CCL2) that drives metabolic demand.”’
3. Viral Entry Inhibition: Glycyrrhizin and Forsythoside A block ACE2 binding and
membrane fusion.”
4. Clinical Efficacy: Randomized controlled trials have confirmed its ability to shorten
symptom duration, improve clinical recovery rates, and reduce the conversion to severe
cases by stabilizing the host's metabolic and immune state.”

8.2 Jinhua Qinggan: Targeting the "Damp-Heat" Toxin

Composition: Lonicera japonica, Gypsum Fibrosum, Ephedra, Scutellaria, Forsythia, Artemisia
annua, etc.

Mechanistic Synergy:

Jinhua Qinggan targets the TCM concept of "Damp-Heat" toxin, which correlates biomedically
with the hyper-inflammatory, glycolytic state of the cytokine storm. It regulates lipid metabolic
reprogramming (via PPAR pathways) and significantly reduces the secretion of
pro-inflammatory cytokines like IL-6, IL-1$\beta$, and IFN-$\gamma$.6 By targeting the
intersection of lipid metabolism and inflammation, it effectively shortens the duration of viral
shedding and promotes the absorption of pulmonary exudates.101

9. Conclusion: The Phytochemical Reset

The evidence presented in this report underscores that viral pathogens, particularly
SARS-CoV-2, function as sophisticated metabolic engineers. They reprogram host cells to fuel
replication and disable immune defenses through four primary mechanisms: (1) The Warburg
Effect (Hyper-glycolysis), (2) Amino Acid Depletion (Arginine/Tryptophan Starvation),
(3) Lipid Hijacking, and (4) Epigenetic Scarring.

This analysis demonstrates that specific phytochemicals possess the precise molecular



mechanisms required to reverse these alterations, offering a therapeutic strategy that goes
beyond simple antiviral activity:

1. Metabolic Brakes: Curcumin, Baicalin, Andrographolide, and Berberine effectively
blockade the mTOR/HIF-1$\alpha$, PDK1, and AMPK pathways, forcing immune cells out
of the viral-induced glycolytic state and starving the virus of energy.

2. Mitochondrial Rescuers: Resveratrol, Rhodiola, and Astragalus reactivate
mitochondrial biogenesis, restore ATP production, and repair fusion/fission dynamics,
which is essential for recovering from post-viral fatigue and T-cell exhaustion.

3. Immune Fuel Restorers: Ginseng and Ginger correct the depletion of Arginine and
Tryptophan by inhibiting ARG1 and IDO, respectively, preventing T-cell arrest and
neurotoxicity.

4. Epigenetic Erasers: Curcumin, Berberine, and Beta-glucans act at the chromatin level
to inhibit DNMTs, modulate histone marks, and induce "trained immunity," thereby
erasing the scars of exhaustion and building a resilient immune baseline.

5. Toxin Clearance: Salvia miltiorrhiza and Rhubarb facilitate the clearance of metabolic
toxins like indoxyl sulfate, protecting the kidneys from secondary fibrosis.

By integrating these agents—either as isolated compounds or within established multi-target
formulas like Lianhua Qingwen—clinicians and researchers can target the fundamental
immunometabolic nodes of viral pathogenesis. This approach offers a viable path to restore
the host's metabolic sovereignty and reverse the deep-seated cellular reprogramming that
defines chronic viral pathology and Long COVID.

Works cited

1. what herbs do this reprogramming?

2. Metabolic Reprogramming in COVID-19 - MDPI, accessed December 17, 2025,
https://www.mdpi.com/1422-0067/22/21/11475

3. Phytochemicals as Regulators of Tumor Glycolysis and Hypoxia Signaling
Pathways: Evidence from In Vitro Studies - MDPI, accessed December 17, 2025,
https://www.mdpi.com/1424-8247/15/7/808

4. Ginseng-derived nanoparticles reprogram macrophages to regulate arginase-1
release for ameliorating T cell exhaustion in tumor microenvironment - PMC -
PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC10683135/

5. Saponins from bitter melon reduce lipid accumulation via induction of autophagy
in C. elegans and HepG2 cell line - NIH, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC9352806/

6. New insights for infection mechanism and potential targets of COVID-19: Three
Chinese patent medicines and three Chinese medicine formulas as promising
therapeutic approaches - NIH, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC9993661/

7. 312 Defining epigenetic mechanisms of human CAR T cell exhaustion and
reversal, accessed December 17, 2025,



https://www.mdpi.com/1422-0067/22/21/11475
https://www.mdpi.com/1424-8247/15/7/808
https://pmc.ncbi.nlm.nih.gov/articles/PMC10683135/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9352806/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9993661/

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

https://jitc.omj.com/content/12/Suppl_2/A361?rss=1
Epigenetic Modulations in Triple-Negative Breast Cancer: Therapeutic

Implications for Tumor Microenvironment - ResearchGate, accessed December
17,2025,
https://www.researchgate.net/publication/380385493_Epigenetic_Modulations_in
Triple-Negative Breast Cancer Therapeutic_Implications for Tumor_Microenvir
onment
The key role of Warburg effect in SARS-CoV-2 replication and associated
inflammatory response - PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC7659517/
Curcumin decreases Warburg effect in cancer cells by down-regulating pyruvate
kinase M2 via mTOR-HIF1a inhibition - PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nlm.nih.gov/29844464/
(PDF) Curcumin decreases Warburg effect in cancer cells by down-regulating
pyruvate kinase M2 via mTOR-HIF1a inhibition - ResearchGate, accessed
December 17, 2025,
https://www.researchgate.net/publication/325426830_Curcumin_decreases_War
burg_effect_in_cancer_cells_by down-regulating_pyruvate_kinase_M2 via_mTOR
-HIF1a_inhibition
Curcumol Targets the VHL/HIF-1a Axis to Suppress Glycolysis-Driven Progression
in Colorectal Cancer - PubMed Central, accessed December 17, 2025,
https://omc.ncbi.nlm.nih.gov/articles/PMC12468461/
The effect of curcumin on hypoxia in the tumour microenvironment as a
regulatory factor in cancer - PMC - PubMed Central, accessed December 17,
2025, https://pmc.ncbi.nlm.nih.gov/articles/PMC10696979/
Baicalein suppresses inflammation and attenuates acute lung injury by inhibiting
glycolysis via HIF-1a signaling - PMC - NIH, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC11564906/
Baicalin Modulates Glycolysis via the PKC/Raf/MEK/ERK and PI3K/AKT Signaling
Pathways to Attenuate IFN-I-Induced Neutrophil NETosis - PMC - NIH, accessed
December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC12105894/
Baicalin Induces a Potent Innate Immune Response to Inhibit Respiratory Syncytial
Virus Replication via Regulating Viral Non-Structural 1 and Matrix RNA - Frontiers,
accessed December 17, 2025,
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.907
047/full
Baicalin Inhibits Influenza A Virus Infection via Promotion of M1 Macrophage
Polarization, accessed December 17, 2025,
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.01
298/full
Andrographolide suppresses aerobic glycolysis and induces apoptotic cell death
by inhibiting pyruvate dehydrogenase kinase 1 expression - NIH, accessed
December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC9996679/
(PDF) Andrographolide suppresses aerobic glycolysis and induces apoptotic cell
death by inhibiting pyruvate dehydrogenase kinase 1 expression - ResearchGate,



https://jitc.bmj.com/content/12/Suppl_2/A361?rss=1
https://www.researchgate.net/publication/380385493_Epigenetic_Modulations_in_Triple-Negative_Breast_Cancer_Therapeutic_Implications_for_Tumor_Microenvironment
https://www.researchgate.net/publication/380385493_Epigenetic_Modulations_in_Triple-Negative_Breast_Cancer_Therapeutic_Implications_for_Tumor_Microenvironment
https://www.researchgate.net/publication/380385493_Epigenetic_Modulations_in_Triple-Negative_Breast_Cancer_Therapeutic_Implications_for_Tumor_Microenvironment
https://pmc.ncbi.nlm.nih.gov/articles/PMC7659517/
https://pubmed.ncbi.nlm.nih.gov/29844464/
https://www.researchgate.net/publication/325426830_Curcumin_decreases_Warburg_effect_in_cancer_cells_by_down-regulating_pyruvate_kinase_M2_via_mTOR-HIF1a_inhibition
https://www.researchgate.net/publication/325426830_Curcumin_decreases_Warburg_effect_in_cancer_cells_by_down-regulating_pyruvate_kinase_M2_via_mTOR-HIF1a_inhibition
https://www.researchgate.net/publication/325426830_Curcumin_decreases_Warburg_effect_in_cancer_cells_by_down-regulating_pyruvate_kinase_M2_via_mTOR-HIF1a_inhibition
https://pmc.ncbi.nlm.nih.gov/articles/PMC12468461/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10696979/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11564906/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12105894/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.907047/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.907047/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.01298/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2020.01298/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC9996679/

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

accessed December 17, 2025,
https://www.researchgate.net/publication/368776246 Andrographolide suppress

es_aerobic_glycolysis_and_induces_apoptotic_cell_death_by_inhibiting_pyruvate

dehydrogenase_kinase_1_expression
Mechanisms of Natural Extracts of Andrographis paniculata That Target

Lipid-Dependent Cancer Pathways: A View from the Signaling Pathway - MDPI,
accessed December 17, 2025, https://www.mdpi.com/1422-0067/23/11/5972
What is the mechanism of Andrographolide? - Patsnap Synapse, accessed
December 17, 2025,
https://synapse.patsnap.com/article/what-is-the-mechanism-of-andrographolide
Shikonin inhibits the Warburg effect, cell proliferation, invasion and migration by
downregulating PFKFB2 expression in lung cancer - PubMed, accessed
December 17, 2025, https://pubmed.ncbi.nim.nih.gov/34109434/

Shikonin inhibits the Warburg effect, cell proliferation, invasion and migration by
downregulating PFKFB2 expression in lung cancer, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC8201656/

Antiviral activity of shikonin ester derivative PMM-034 against enterovirus 71in
vitro - PMC, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC5561812/

Emodin blocks the SARS coronavirus spike protein and angiotensin-converting
enzyme 2 interaction - PMC - PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC7114332/

Emodin blocks the SARS coronavirus spike protein and angiotensin-converting
enzyme 2 interaction - PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nlm.nih.gov/16730806/

The key role of Warburg effect in SARS-CoV-2 replication and associated
inflammatory response - PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nim.nih.gov/33189832/

Is Emodin with Anticancer Effects Completely Innocent? Two Sides of the Coin -
MDPI, accessed December 17, 2025, https://www.mdpi.com/2072-6694/13/11/2733
Revealing the therapeutic targets and molecular mechanisms of emodin-treated
coronavirus disease 2019 via a systematic study of network pharmacology |
Aging, accessed December 17, 2025,
https://www.aging-us.com/article/203098/text

Berberine Inhibits Dengue Virus through Dual Mechanisms - MDPI, accessed
December 17, 2025, https://www.mdpi.com/1420-3049/26/18/5501

Berberine exerts its antineoplastic effects by reversing the Warburg effect via
downregulation of the Akt/mTOR/GLUT1 signaling pathway PMID: 34643248 |
MedChemExpress, accessed December 17, 2025,
https://www.medchemexpress.com/mce_publications/34643248.html

Ayurveda for Promoting Recovery In Long COVID (APRIL Trial) - Health Research
Authority, accessed December 17, 2025,

https://www.hra.nhs.uk/planning-and-improving-research/application-summaries

[research-summaries/ayurveda-for-promoting-recovery-in-long-covid-april-trial/
Berberine inhibited the Warburg effect by up-regulating miR-145 in... -



https://www.researchgate.net/publication/368776246_Andrographolide_suppresses_aerobic_glycolysis_and_induces_apoptotic_cell_death_by_inhibiting_pyruvate_dehydrogenase_kinase_1_expression
https://www.researchgate.net/publication/368776246_Andrographolide_suppresses_aerobic_glycolysis_and_induces_apoptotic_cell_death_by_inhibiting_pyruvate_dehydrogenase_kinase_1_expression
https://www.researchgate.net/publication/368776246_Andrographolide_suppresses_aerobic_glycolysis_and_induces_apoptotic_cell_death_by_inhibiting_pyruvate_dehydrogenase_kinase_1_expression
https://www.mdpi.com/1422-0067/23/11/5972
https://synapse.patsnap.com/article/what-is-the-mechanism-of-andrographolide
https://pubmed.ncbi.nlm.nih.gov/34109434/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8201656/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5561812/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7114332/
https://pubmed.ncbi.nlm.nih.gov/16730806/
https://pubmed.ncbi.nlm.nih.gov/33189832/
https://www.mdpi.com/2072-6694/13/11/2733
https://www.aging-us.com/article/203098/text
https://www.mdpi.com/1420-3049/26/18/5501
https://www.medchemexpress.com/mce_publications/34643248.html
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/ayurveda-for-promoting-recovery-in-long-covid-april-trial/
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/ayurveda-for-promoting-recovery-in-long-covid-april-trial/

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

ResearchGate, accessed December 17, 2025,
https://www.researchgate.net/figure/Berberine-inhibited-the-Warburg-effect-by
-up-requlating-miR-145-in-ovarian-cancer-cells_fig1_348124043

Berberine inhibits the Warburg effect through TET3/miR-145/HK2 pathways in
ovarian cancer cells - PMC - PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC7738813/

(PDF) Ginseng-derived nanoparticles reprogram macrophages to regulate
arginase-1 release for ameliorating T cell exhaustion in tumor microenvironment -
ResearchGate, accessed December 17, 2025,
https://www.researchgate.net/publication/375990917_Ginseng-derived_nanoparti
cles_reprogram_macrophages_to_requlate_arginase-1_release_for_ameliorating
T_cell_exhaustion_in_tumor_microenvironment

Ginseng-derived nanoparticles reprogram macrophages to regulate arginase-1
release for ameliorating T cell exhaustion in tumor microenvironment - PubMed,
accessed December 17, 2025, https://pubmed.ncbi.nlm.nih.gov/38012650/
Echinacea increases arginase activity and has anti-inflammatory properties in
RAW 264.7 macrophage cells indicative of alternative macrophage activation -
PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC2668539/

Echinacea increases arginase activity and has anti-inflammatory properties in
RAW 264.7 macrophage cells, indicative of alternative macrophage activation |
Request PDF - ResearchGate, accessed December 17, 2025,
https://www.researchgate.net/publication/23708277 Echinacea_increases_argina

se_activity and_has_anti-inflammatory properties_in_RAW_2647_macrophage_c

ells_indicative_of alternative_macrophage_activation
Echinacea increases arginase activity and has anti-inflammatory properties in

RAW 264.7 macrophage cells, indicative of alternative macrophage activation -
PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nlm.nih.gov/19111603/

Can Echinacea be a potential candidate to target immunity, inflammation, and
infection - The trinity of coronavirus disease 2019 - NIH, accessed December 17,
2025, https://pmc.ncbi.nlm.nih.gov/articles/PMC7870107/

Kynurenine Pathway Metabolites in Humans: Disease and Healthy States - PMC,
accessed December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC3195227/
The tryptophan-kynurenine pathway in immunomodulation and cancer
metastasis - PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nlm.nih.gov/37644823/

The effect of 6-gingerol on inflammatory response and Th17/Treg balance in
DSS-induced ulcerative colitis mice - PMC - NIH, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC7210157/

NLRP3 Inflammasome Activation: A Therapeutic Target for Cerebral
Ischemia—Reperfusion Injury - Frontiers, accessed December 17, 2025,
https://www.frontiersin.org/journals/molecular-neurosciencef/articles/10.3389/fnm
01.2022.847440/full

(PDF) Effects of oral administration of an aqueous ginger extract on anxiety



https://www.researchgate.net/figure/Berberine-inhibited-the-Warburg-effect-by-up-regulating-miR-145-in-ovarian-cancer-cells_fig1_348124043
https://www.researchgate.net/figure/Berberine-inhibited-the-Warburg-effect-by-up-regulating-miR-145-in-ovarian-cancer-cells_fig1_348124043
https://pmc.ncbi.nlm.nih.gov/articles/PMC7738813/
https://www.researchgate.net/publication/375990917_Ginseng-derived_nanoparticles_reprogram_macrophages_to_regulate_arginase-1_release_for_ameliorating_T_cell_exhaustion_in_tumor_microenvironment
https://www.researchgate.net/publication/375990917_Ginseng-derived_nanoparticles_reprogram_macrophages_to_regulate_arginase-1_release_for_ameliorating_T_cell_exhaustion_in_tumor_microenvironment
https://www.researchgate.net/publication/375990917_Ginseng-derived_nanoparticles_reprogram_macrophages_to_regulate_arginase-1_release_for_ameliorating_T_cell_exhaustion_in_tumor_microenvironment
https://pubmed.ncbi.nlm.nih.gov/38012650/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2668539/
https://www.researchgate.net/publication/23708277_Echinacea_increases_arginase_activity_and_has_anti-inflammatory_properties_in_RAW_2647_macrophage_cells_indicative_of_alternative_macrophage_activation
https://www.researchgate.net/publication/23708277_Echinacea_increases_arginase_activity_and_has_anti-inflammatory_properties_in_RAW_2647_macrophage_cells_indicative_of_alternative_macrophage_activation
https://www.researchgate.net/publication/23708277_Echinacea_increases_arginase_activity_and_has_anti-inflammatory_properties_in_RAW_2647_macrophage_cells_indicative_of_alternative_macrophage_activation
https://pubmed.ncbi.nlm.nih.gov/19111603/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7870107/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3195227/
https://pubmed.ncbi.nlm.nih.gov/37644823/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7210157/
https://www.frontiersin.org/journals/molecular-neuroscience/articles/10.3389/fnmol.2022.847440/full
https://www.frontiersin.org/journals/molecular-neuroscience/articles/10.3389/fnmol.2022.847440/full

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

behavior and tryptophan and serotonin metabolism in the rat - ResearchGate,
accessed December 17, 2025,

https://www.researchgate.net/publication/352037835_Effects_of oral_administrat

ion_of an_aqueous_ginger_extract_on_anxiety behavior_and_tryptophan_and_se
rotonin_metabolism_in_the_rat

The broad anti-viral agent glycyrrhizin directly modulates the fluidity of plasma
membrane and HIV-1 envelope - NIH, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC1317678/

Full article: Influence of glycyrrhizin on permeability and elasticity of cell
membrane: perspectives for drugs delivery - Taylor & Francis Online, accessed
December 17, 2025,
https://www.tandfonline.com/doi/full/10.3109/10717544.2014.919544

Interaction of drugs with lipid raft membrane domains as a possible target -
AboutScience Srl, accessed December 17, 2025,
https://journals.aboutscience.eu/index.php/dti/article/view/2185

The Role of Momordica charantia in Resisting Obesity - PMC - PubMed Central,
accessed December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC6765959/
Bitter Melon (Momordica Charantia), a Nutraceutical Approach for Cancer
Prevention and Therapy - PMC - NIH, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC7464160/

Chitosan immunomodaulation: insights into mechanisms of action on immune cells
and signaling pathways - PMC - NIH, accessed December 17, 2025,
https://omc.ncbi.nim.nih.gov/articles/PMC11719903/

Chitosan Oligosaccharide Attenuates Neuroinflammation by Regulating Microglial
Immunometabolic Reprogramming via the mTOR Signaling Pathway - PubMed,
accessed December 17, 2025, https://pubmed.ncbi.nlm.nih.gov/40937497/
Chitosan-Based Nanoparticles Against Viral Infections - PMC - PubMed Central,
accessed December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC8011499/
The Role of Metabolic Dysfunction in T-Cell Exhaustion During Chronic Viral
Infection, accessed December 17, 2025,
https://www.frontiersin.org/journals/immunology/articles/10.338%/fimmu.2022.843
242/full

Mitochondrial metabolic reprogramming under exhaustion of T cells. Upon... -
ResearchGate, accessed December 17, 2025,

https://www.researchgate.net/figure/Mitochondrial-metabolic-reprogramming-u

nder-exhaustion-of-T-cells-Upon-chronic-antigenic_fig2_ 316458703
Resveratrol promotes mitochondrial energy metabolism in exercise-induced

fatigued rats, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC10375326/

Mitochondrial dysfunction in long COVID: mechanisms, consequences, and
potential therapeutic approaches - PubMed Central, accessed December 17,
2025, https://pmc.ncbi.nim.nih.gov/articles/PMC11336094/

Metabolic Control of Epigenetics and Its Role in CD8+ T Cell Differentiation and
Function, accessed December 17, 2025,

https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.027



https://www.researchgate.net/publication/352037835_Effects_of_oral_administration_of_an_aqueous_ginger_extract_on_anxiety_behavior_and_tryptophan_and_serotonin_metabolism_in_the_rat
https://www.researchgate.net/publication/352037835_Effects_of_oral_administration_of_an_aqueous_ginger_extract_on_anxiety_behavior_and_tryptophan_and_serotonin_metabolism_in_the_rat
https://www.researchgate.net/publication/352037835_Effects_of_oral_administration_of_an_aqueous_ginger_extract_on_anxiety_behavior_and_tryptophan_and_serotonin_metabolism_in_the_rat
https://pmc.ncbi.nlm.nih.gov/articles/PMC1317678/
https://www.tandfonline.com/doi/full/10.3109/10717544.2014.919544
https://journals.aboutscience.eu/index.php/dti/article/view/2185
https://pmc.ncbi.nlm.nih.gov/articles/PMC6765959/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7464160/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11719903/
https://pubmed.ncbi.nlm.nih.gov/40937497/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8011499/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.843242/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.843242/full
https://www.researchgate.net/figure/Mitochondrial-metabolic-reprogramming-under-exhaustion-of-T-cells-Upon-chronic-antigenic_fig2_316458703
https://www.researchgate.net/figure/Mitochondrial-metabolic-reprogramming-under-exhaustion-of-T-cells-Upon-chronic-antigenic_fig2_316458703
https://pmc.ncbi.nlm.nih.gov/articles/PMC10375326/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11336094/
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02718/full

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

18/full

Focus on T cell exhaustion: new advances in traditional Chinese medicine in
infection and cancer - PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC10290330/

Metabolic reprogramming of CAR T cells: a new frontier in cancer immunotherapy
- PMC, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC12672542/

accessed December 17, 2025,
https://www.researchgate.net/publication/264985121_Resveratrol_Preserves_Mito
chondrial_Function_Stimulates_Mitochondrial_Biogenesis_and_Attenuates_Oxida
tive_Stress_in_Regulatory T Cells_of Mice_Fed_a_High-Fat_Diet#:~:text=In%20th
€%20context%200f%20high,promoting%20mitochondrial%20biogenesis%20%5
B57%5D%20.

Effects of the Combined Supplementation of Caffeine and Rhodiola Rosea with
Resistance Training on Lower Limb Explosive Power in Male Volleyball Players -
MDPI, accessed December 17, 2025, https://www.mdpi.com/2072-6643/17/4/681
Exercise Combined with Rhodiola sacra Supplementation Improves Exercise
Capacity and Ameliorates Exhaustive Exercise-Induced Muscle Damage through
Enhancement of Mitochondrial Quality Control - PubMed Central - NIH, accessed
December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC5735688/

The potential role of Rhodiola rosea L. extract WS® 1375 for patients with
post-COVID-19 fatigue, accessed December 17, 2025,
https://schw-aerztej.healthbooktimes.org/article/74319-the-potential-role-of-rho
diola-rosea-l-extract-ws-1375-for-patients-with-post-covid-19-fatigue

The Therapeutic Mechanism of Schisandrol A and Its Metabolites on Pulmonary
Fibrosis Based on Plasma Metabonomics and Network Analysis - PMC - PubMed
Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC9939797/

Schisantherin A inhibits cell proliferation by regulating glucose metabolism
pathway in hepatocellular carcinoma - PMC - NIH, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC9679220/

Wuweizisu B for cancer treatment from multitarget mechanisms to precision
delivery strategies (Review) - Spandidos Publications, accessed December 17,
2025, https://www.spandidos-publications.com/10.3892/iimm.2025.5661

The Current Application and Future Prospects of Astragalus Polysaccharide
Combined With Cancer Immunotherapy: A Review - Frontiers, accessed
December 17, 2025,
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.737
674/full

Astragalus polysaccharide as a potential antitumor immunomodulatory drug
(Review), accessed December 17, 2025,
https://www.spandidos-publications.com/10.3892/mmr.2025.13706

Effects of Astragalus Polysaccharides on Dysfunction of Mitochondrial Dynamics
Induced by Oxidative Stress - PMC - NIH, accessed December 17, 2025,

https://omc.ncbi.nlm.nih.gov/articles/PMC4737051/



https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02718/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC10290330/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12672542/
https://www.researchgate.net/publication/264985121_Resveratrol_Preserves_Mitochondrial_Function_Stimulates_Mitochondrial_Biogenesis_and_Attenuates_Oxidative_Stress_in_Regulatory_T_Cells_of_Mice_Fed_a_High-Fat_Diet#:~:text=In%20the%20context%20of%20high,promoting%20mitochondrial%20biogenesis%20%5B57%5D%20.
https://www.researchgate.net/publication/264985121_Resveratrol_Preserves_Mitochondrial_Function_Stimulates_Mitochondrial_Biogenesis_and_Attenuates_Oxidative_Stress_in_Regulatory_T_Cells_of_Mice_Fed_a_High-Fat_Diet#:~:text=In%20the%20context%20of%20high,promoting%20mitochondrial%20biogenesis%20%5B57%5D%20.
https://www.researchgate.net/publication/264985121_Resveratrol_Preserves_Mitochondrial_Function_Stimulates_Mitochondrial_Biogenesis_and_Attenuates_Oxidative_Stress_in_Regulatory_T_Cells_of_Mice_Fed_a_High-Fat_Diet#:~:text=In%20the%20context%20of%20high,promoting%20mitochondrial%20biogenesis%20%5B57%5D%20.
https://www.researchgate.net/publication/264985121_Resveratrol_Preserves_Mitochondrial_Function_Stimulates_Mitochondrial_Biogenesis_and_Attenuates_Oxidative_Stress_in_Regulatory_T_Cells_of_Mice_Fed_a_High-Fat_Diet#:~:text=In%20the%20context%20of%20high,promoting%20mitochondrial%20biogenesis%20%5B57%5D%20.
https://www.researchgate.net/publication/264985121_Resveratrol_Preserves_Mitochondrial_Function_Stimulates_Mitochondrial_Biogenesis_and_Attenuates_Oxidative_Stress_in_Regulatory_T_Cells_of_Mice_Fed_a_High-Fat_Diet#:~:text=In%20the%20context%20of%20high,promoting%20mitochondrial%20biogenesis%20%5B57%5D%20.
https://www.mdpi.com/2072-6643/17/4/681
https://pmc.ncbi.nlm.nih.gov/articles/PMC5735688/
https://schw-aerztej.healthbooktimes.org/article/74319-the-potential-role-of-rhodiola-rosea-l-extract-ws-1375-for-patients-with-post-covid-19-fatigue
https://schw-aerztej.healthbooktimes.org/article/74319-the-potential-role-of-rhodiola-rosea-l-extract-ws-1375-for-patients-with-post-covid-19-fatigue
https://pmc.ncbi.nlm.nih.gov/articles/PMC9939797/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9679220/
https://www.spandidos-publications.com/10.3892/ijmm.2025.5661
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.737674/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2021.737674/full
https://www.spandidos-publications.com/10.3892/mmr.2025.13706
https://pmc.ncbi.nlm.nih.gov/articles/PMC4737051/

71.

72.

73.

74.

75.
76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

Astragalus polysaccharide enhances antitumoral effects of chimeric antigen
receptor- engineered (CAR) T cells by increasing CD122+CXCR3+PD-1 - PubMed,
accessed December 17, 2025, https://pubmed.ncbi.nim.nih.gov/39243425/
Antiviral Effects and Mechanisms of Active Ingredients in Tea - MDPI, accessed
December 17, 2025, https://www.mdpi.com/1420-3049/29/21/5218
Epigallocatechin-3-gallate local pre-exposure application prevents SHIV rectal
infection of macaques - PMC - PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC6030487/

Antiviral Effects of Green Tea EGCG and Its Potential Application against
COVID-19 - PMC, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC8271719/

which of these theoretically can correct the immu...

Ketolysis drives CD8+ T cell effector function through effects on histone
acetylation - PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nlm.nih.gov/37516105/

Curcumin as an Alternative Epigenetic Modulator: Mechanism of Action and
Potential Effects, accessed December 17, 2025,
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2019.00514/f
ull

Curcumin and neuroplasticity: epigenetic mechanisms underlying cognitive
enhancement in aging and neurodegenerative disorders - PMC - PubMed
Central, accessed December 17, 2025,
https://pmc.ncbi.nlm.nih.gov/articles/PMC12367793/

list all herbs and natural substances such as com...

B-Glucan Induces Training Immunity to Promote Antiviral Activity by Activating
TBK1 - PMC, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC10221698/

Immunometabolic control of trained immunity - PMC - PubMed Central - NIH,
accessed December 17, 2025, https://pmc.ncbi.nlm.nih.gov/articles/PMC7466946/
B-glucan induced trained immunity enhances antibody levels in a vaccination
model in mice, accessed December 17, 2025,
https://www.biorxiv.org/content/10.1101/2024.04.11.588932v1 full-text

Berberine acts as a putative epigenetic modulator by affecting the histone code -
PubMed, accessed December 17, 2025,
https://pubmed.ncbi.nim.nih.gov/27311644/

NRF2 as a regulator of cell metabolism and inflammation in cancer - PMC -
PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC7298623/

Sulforaphane exhibits in vitro and in vivo antiviral activity against pandemic
SARS-CoV-2 and seasonal HCoV-OC43 coronaviruses - bioRxiv, accessed
December 17, 2025,
https://www.biorxiv.org/content/10.1101/2021.03.25.437060v1.full.pdf

Natural antagonistic flavones for AhR inhibit indoxyl sulfate-induced inflammatory
gene expression in vitro and renal pathological damages in vivo - PubMed
Central, accessed December 17, 2025,



https://pubmed.ncbi.nlm.nih.gov/39243425/
https://www.mdpi.com/1420-3049/29/21/5218
https://pmc.ncbi.nlm.nih.gov/articles/PMC6030487/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8271719/
https://pubmed.ncbi.nlm.nih.gov/37516105/
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2019.00514/full
https://www.frontiersin.org/journals/genetics/articles/10.3389/fgene.2019.00514/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC12367793/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10221698/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7466946/
https://www.biorxiv.org/content/10.1101/2024.04.11.588932v1.full-text
https://pubmed.ncbi.nlm.nih.gov/27311644/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7298623/
https://www.biorxiv.org/content/10.1101/2021.03.25.437060v1.full.pdf

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

https://pmc.ncbi.nim.nih.gov/articles/PMC11305152/
Shen-Shuai-Ning granule decreased serum concentrations of indoxyl sulphate in

uremic patients undergoing peritoneal dialysis | Bioscience Reports | Portland
Press, accessed December 17, 2025,
https://portlandpress.com/bioscirep/article/38/5/BSR201716924/88497/Shen-Shuai-
Ning-granule-decreased-serum
Lower risk of ischemic stroke among patients with chronic kidney disease using
chinese herbal medicine as add-on therapy: A real-world nationwide cohort
study - Frontiers, accessed December 17, 2025,
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.88
3148/full
Effects of Uremic Clearance Granules in Uremic Pruritus: A Meta-Analysis - MDPI,
accessed December 17, 2025, https://www.mdpi.com/2072-6651/13/10/702
Herbal antioxidants in dialysis patients: a review of potential mechanisms and
medical implications - PubMed Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC7894453/
Kidney Damage in Long COVID: Studies in Experimental Mice - MDPI, accessed
December 17, 2025, https://www.mdpi.com/2079-7737/12/8/1070
Persistent Inflammation, Maladaptive Remodeling, and Fibrosis in the Kidney
Following Long COVID-like MHV-1 Mouse Model - NIH, accessed December 17,
2025, https://omc.ncbi.nlm.nih.gov/articles/PMC12385743/
MTOR/HIF-1a pathway-mediated glucose reprogramming and macrophage
polarization by Sini Decoction Plus Ginseng Soup in ALF - ResearchGate,
accessed December 17, 2025,
https://www.researchgate.net/publication/387742153_mTORHIF-1a_pathway-med
iated_glucose_reprogramming_and_macrophage_polarization_by Sini_Decoction
Plus_Ginseng_Soup_in_ALF
The Antioxidative Function of Alpha-Ketoglutarate and Its Applications - PMC -
NIH, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC5884300/
Effects of Astragaloside IV and Formononetin on Oxidative Stress and
Mitochondrial Biogenesis in Hepatocytes - MDPI, accessed December 17, 2025,
https://www.mdpi.com/1422-0067/26/2/774
Exploration of the Mechanism of Lianhua Qingwen in Treating Influenza Virus
Pneumonia and New Coronavirus Pneumonia with the Concept of “Different
Diseases with the Same Treatment” Based on Network Pharmacology - PubMed
Central, accessed December 17, 2025,
https://pmc.ncbi.nim.nih.gov/articles/PMC8822319/
Traditional Chinese medicine provides new ideas for the treatment of coronavirus
disease 2019 | Health Decision - Scholar Media Publishing Company, accessed
December 17, 2025, https://www.hksmp.com/journals/hd/article/view/285
The mechanisms and clinical application of Traditional Chinese Medicine
Lianhua-Qingwen capsule - PubMed Central, accessed December 17, 2025,

https://pmc.ncbi.nim.nih.gov/articles/PMC8352581/
Lianhua Qingwen prescription for Coronavirus disease 2019 (COVID-19)



https://pmc.ncbi.nlm.nih.gov/articles/PMC11305152/
https://portlandpress.com/bioscirep/article/38/5/BSR20171694/88497/Shen-Shuai-Ning-granule-decreased-serum
https://portlandpress.com/bioscirep/article/38/5/BSR20171694/88497/Shen-Shuai-Ning-granule-decreased-serum
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.883148/full
https://www.frontiersin.org/journals/pharmacology/articles/10.3389/fphar.2022.883148/full
https://www.mdpi.com/2072-6651/13/10/702
https://pmc.ncbi.nlm.nih.gov/articles/PMC7894453/
https://www.mdpi.com/2079-7737/12/8/1070
https://pmc.ncbi.nlm.nih.gov/articles/PMC12385743/
https://www.researchgate.net/publication/387742153_mTORHIF-1a_pathway-mediated_glucose_reprogramming_and_macrophage_polarization_by_Sini_Decoction_Plus_Ginseng_Soup_in_ALF
https://www.researchgate.net/publication/387742153_mTORHIF-1a_pathway-mediated_glucose_reprogramming_and_macrophage_polarization_by_Sini_Decoction_Plus_Ginseng_Soup_in_ALF
https://www.researchgate.net/publication/387742153_mTORHIF-1a_pathway-mediated_glucose_reprogramming_and_macrophage_polarization_by_Sini_Decoction_Plus_Ginseng_Soup_in_ALF
https://pmc.ncbi.nlm.nih.gov/articles/PMC5884300/
https://www.mdpi.com/1422-0067/26/2/774
https://pmc.ncbi.nlm.nih.gov/articles/PMC8822319/
https://www.hksmp.com/journals/hd/article/view/285
https://pmc.ncbi.nlm.nih.gov/articles/PMC8352581/

treatment: Advances and prospects - PMC - PubMed Central, accessed
December 17, 2025, https://pmc.ncbi.nim.nih.gov/articles/PMC7437484/

100. Therapeutic mechanisms and impact of traditional Chinese medicine on
COVID-19 and other influenza diseases - PMC - PubMed Central, accessed
December 17, 2025, https://omc.ncbi.nim.nih.gov/articles/PMC8666147/

101.  Effect of Jinhua Qinggan granules on novel coronavirus pneumonia in patients
- PubMed, accessed December 17, 2025,

https://pubmed.ncbi.nim.nih.gov/32506862/



https://pmc.ncbi.nlm.nih.gov/articles/PMC7437484/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8666147/
https://pubmed.ncbi.nlm.nih.gov/32506862/

	Immunometabolic Reprogramming: A Comprehensive Analysis of Phytochemical Interventions for Reversing Viral-Induced Immune Dysregulation and Epigenetic Scarring 
	1. Introduction: The Paradigm of Viral Immunometabolic Hijacking 
	2. Reversing Glycolytic Reprogramming: Countering the Viral Warburg Effect 
	2.1 Curcumin: The mTOR/HIF-1$\alpha$ Axis Inhibitor 
	2.2 Baicalin: Modulation of Glycolytic Enzymes and NETosis 
	2.3 Andrographolide: The Glucose Uptake Inhibitor 
	2.4 Shikonin and Emodin: Targeting PKM2 and Viral Attachment 
	2.5 Berberine: The Metabolic Master Switch 

	3. Restoring Amino Acid Metabolism: Countering T-Cell Starvation 
	3.1 Ginseng: Modulating Arginine Metabolism and Reversing T-Cell Exhaustion 
	3.2 Echinacea: The Arginase Paradox and Immunometabolic Resolution 
	3.3 Ginger: The Tryptophan-Kynurenine Axis and Neuroprotection 

	4. Modulating Lipid Metabolism: Membrane Stability and Energy Shifts 
	4.1 Licorice (Glycyrrhizin): Lipid Raft Disruption 
	4.2 Bitter Melon (Momordica charantia): Lipophagy and AMPK Activation 
	4.3 Chitosan: Immunometabolic Reprogramming of Macrophages 

	5. Mitigating T-Cell Exhaustion and Restoring Mitochondrial Health 
	5.1 Resveratrol: Mitochondrial Biogenesis and SIRT1 Activation 
	5.2 Rhodiola rosea & Schisandra chinensis: Adaptogens for ATP Recovery 
	5.3 Astragalus Polysaccharides (APS): Reversing PD-1 Dependent Exhaustion 
	5.4 Epigallocatechin Gallate (EGCG): Structural Interference and Metabolic Modulation 

	6. Epigenetic Remodeling and Trained Immunity 
	6.1 Curcumin: The Epigenetic Modulator 
	6.2 Beta-Glucan: Induction of Trained Immunity 
	6.3 Berberine and Sulforaphane: Epigenetic and Nrf2 Regulation 

	7. Addressing Organ-Specific Metabolic Scarring: Kidney and Liver 
	7.1 Salvia miltiorrhiza and Rheum officinale: Clearance of Uremic Toxins 
	7.2 SPIKENET (SPK): Reversing Transcriptomic Scarring 
	7.3 Alpha-Ketoglutarate (AKG): The Metabolic Rescuer 

	8. Integrative TCM Protocols: Synergistic Metabolic Reprogramming 
	8.1 Lianhua Qingwen: The Multi-Target Inhibitor 
	8.2 Jinhua Qinggan: Targeting the "Damp-Heat" Toxin 

	9. Conclusion: The Phytochemical Reset 
	Works cited 



